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(54) Medical electrical lead 

(57) A transvenous lead designed for multi-chamber 
electrical stimulation or sensing. The lead features one 
or more electrodes (104,105) for communication with 
the right atrium as well as one or more electrodes for 
communication with either or both of the left chambers 
of the heart. The lead further features structures to 
simultaneously bring the first electrode into contact with 
a first chamber, such as the right atrial wall and the sec- 
ond electrode into contact with a particular portion of 
the coronary sinus wall, to electrically access the left 
atrium or ventricle. The distal section (200) of the lead 
body extends for a distance between the distal most tip 
of the lead body and an electrode for a distance of 



approximately 3cm and has the greatest flexibility of any 
of the remaining linear section. A middle lead body por- 
tion (201) extends from the first electrode to a second 
electrode for a distance of approximately 1 .5 cm, and 
this section has the greatest flexibility of any of the other 
remaining linear section of the lead body (i.e. it is less 
flexible as compared to distal section). Next a further 
section (202) of the lead features a tine (102) having an 
electrode, this section is positioned from second elec- 
trode a distance of approximately 5cm. This section has 
the least flexibility of any of the sections of the lead 
body. 
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Description 

[0001] This invention relates to the field of body 
implantable medical device systems, and in particular to 
a body implantable medical device system which s 
includes a medical electrical lead particularly designed 
for providing multi-chamber electrical stimulation or 
sensing. 

[0002] Modern electrical therapeutic and diagnostic 
devices for the heart, such as pacemakers, cardiover- 10 
tors, and defibrillators, for example, require a reliable 
electrical connection between the device and a region 
of the heart. Typically, a medical electrical "lead" is used 
for the desired electrical connection. 
[0003] One type of commonly used implantable lead is 
is a transvenous lead. Transvenous leads are posi- 
tioned through the venous system to attach or electri- 
cally connect at their distal end to the heart. At their 
proximal end, they are connected to typically an 
implantable pulse generator. Such leads normally took 20 
the form of a long, generally straight, flexible, insulated 
conductor. Among the many advantages of a trans- 
venous lead is that it permits an electrical contact with 
the heart without physically exposing the heart itself, 
i.e., major thoracic surgery is not required. 25 
[0004] The specific design of a transvenous lead used 
is often varied depending upon the region of the heart to 
which it is to be connected. For example, U.S. Patent 
4,402,330 of Lindemans discloses a body implantable 
lead in which the lead body has a J-curve and the distal 30 
electrode has a permanent bend. In such a manner, the 
lead is configured to electrically connect to the right 
atrium. 

[0005] While such a lead has been found acceptable 
for electrically connecting and thus pacing the right 35 
atrium, the need exists for a transvenous medical elec- 
trical lead which may provide an electrical connection to 
the left atrium. Of course the left atrium cannot, at 
present, be transvenously accessed with a lead for 
chronic implantation due to the direction of blood flow 40 
and the present limitations of materials. To be precise, 
blood flows through the right side of the heart (atrium 
and ventricle), through the lungs, through the left side of 
the heart (atrium and ventricle) and then through the 
rest of the body, including the brain, before returning 45 
again to the right side of the heart. Implanted objects, 
however, often cause minor Wood dots and thrombus to 
form in the blood. These may, on occasion, dislodge 
and be released into the bloodstream. Because the 
blood circulates directly from the left atrium and ventri- so 
cle to the brain, any clots, however minor, could have 
serious consequences if they were to reach the brain, 
e.g. a stroke. In contrast, any clots released from an 
object implanted in the right side of the heart would sim- 
ply travel to the lungs, where they would lodge without 55 
any serious risk. Thus at present, chronic transvenous 
leads may not be safely implanted within the left side of 
the heart. 
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[0008] In spite of the difficulties, there remains a great 
need to be able to electrically stimulate or sense or both 
the left side of the heart The most obvious reason is the 
left side of the heart accounts for the majority of the 
heart's hemodynamic output. For example, the left ven- 
tricle has a greater wail thickness (10-20 mm as com- 
pared to 1-5 mm) than the right side. This, of course, is 
reasonable given that the left side of the heart must 
pump blood throughout the body while the right side 
only pumps blood through the lungs. 
[0007] Because the left side is relatively more impor- 
tant for hemodynamic output, not surprisingly various 
pathologies may be better treated through stimulation 
on the left side of the heart For example, in patients 
with dilated cardiomyopathy, electrical stimulation of 
both the right side and the left side of the heart has been 
shown to be of major importance to improve the 
patient's well-being and manage heart failure. See, for 
example, Cazeau et al., "Four Chamber Pacing in 
Dilated Cardiomyopathy," PACE, Nov. 1994, pgs. 1974- 
79. See also Brecker and Fontainem, St. et al.. "Effects 
Of Dual Chamber Pacing Wrth Short Atrioventricular 
Delay In Dilated Cardiomyopathy," Lancet Nov. 1992 
Vol. 340 p1308-1312; Xiao HB et al., "Effect Of Left 
Bundle Branch Block On Diastolic Function In Dilated 
Cardiomyopathy," Br. Heart J 1991, 66(6) p 443-447; 
and Fontaine G et al, "Electrophysiology Of Pseudo- 
function." CI.Meere (ed.) Cardiac pacing, state of the art 
1979. Pacesymp, 1979 Montreal. 
[0008] Many times the left side is to be electrically 
stimulated or sensed, the right atrium is also to be elec- 
trically stimulated or sensed. At present such multi- 
chamber pacing is accomplished using two separate 
leads, one for the right atrium and one for the left. Such 
a multi-lead system for left and right side therapy, how- 
ever, has several drawbacks. 
[0009] First, the two separate lead bodies may rub, 
over time leading to a breach in the insulative sheath 
and lead failure. Second, because two leads are 
required the cost of the entire system is correspondingly 
higher. In addition, the implant time, because two leads 
must be implanted, is also greater than if one lead could 
be used. Moreover, the two leads have a greater surface 
area exposed to the blood as compared to a single lead 
system. Although current surfaces of leads are highly 
successful, it is nonetheless a goal of all lead designs to 
minimize the surface area of the lead exposed to the 
Wood to thereby decrease the possibility of any adverse 
Wood-device reactions, e.g. thrombus. 
[001 0] Besides the problems inherent in a multi-lead 
system, there are still further difficulties with implanting 
and fixing a lead within the coronary sinus. Unlike a 
heart chamber where the fibrotic tissue response is 
used to assist lead fixation, no such fibrotic response 
can be expected to occur within the coronary sinus. As 
such no fibrotic tissue response is availaWe to assist in 
lead fixation. Moreover, Wood flow through the coronary 
sinus tends to sweep out any leads implanted therein. 
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Finally the coronary sinus also presents the unique 
challenge that any lead must be fixed without the assist- 
ance of trabecular those structures in the right atrium 
and ventricle used for maintaining lead position. 
[001 1 ] It is thus an object of the present invention to s 
provide a medical electrical lead which may be used to 
electrically access both the right atrium as well as either 
or both of the left chambers of the heart. 
[001 2] A still further object of the present invention is 
to provide such a medical electrical lead which may be 10 
used to electrically access both the right atrium as well 
as either or both of the left chambers of the heart and 
may be reliably fixed within the coronary sinus. 
[0013] These and other objects are accomplished 
through the present invention which, aocording to one is 
aspect, provides a medical electrical lead comprising: 
means for electrically coupling to a pulse generator; a 
lead body coupled to the means for electrically coupling, 
the lead body having a first distal end, a second proxi- 
mal end, the lead body comprising a conductor insu- 20 
lated by an insulative sheath; a first electrode positioned 
along the lead body; a second electrode positioned 
along the lead body and proximal to the first electrode; 
and means adapted to simultaneously bring the first 
electrode into contact with the coronary sinus wall and 25 
the second electrode into contact with the right atrial 
wall, in use. 

[0014] According to a second aspect, there is pro- 
vided a medical electrical lead comprising: a lead body, 
the lead body having a blunt tapered distal end, a first 30 
electrode positioned proximal to the blunt tapered distal 
end, a distal lead body section defined therebetween, 
the distal section of lead body extends for a distance 
between the blunt distal tip and the first electrode for a 
distance of between approximately 1 - 5 cm; a second 35 
electrode positioned proximal to the first electrode, a 
middle lead body portion defined therebetween, the 
middle lead body portion extends for a distance 
between the first electrode and the second electrode for 
a distance between approximately 0.5 - 4 cm; and a tine ao 
positioned on the lead body proximal to the second 
electrode, a tine lead body section defined between the 
tine and the second electrode. 
[001 5] In one embodiment the present invention com- 
prises a transvenous lead specifically designed for 45 
multi-chamber electrical stimulation or sensing. In a first 
embodiment the lead features one or more electrodes 
for communication with the right atrium as well as one or 
more electrodes for communication with either or both 
of the left chambers of the heart. The lead further fea- so 
tures structures to simultaneously bring the first elec- 
trode into contact with a first chamber, such as the right 
atrial wall and the second electrode into contact with a 
particular portion of the coronary sinus wall, to electri- 
cally access the left atrium or ventricle. In the preferred ss 
embodiment the lead body has varying flex or stiffness 
characteristics along its length between each of the 
electrodes. The relation of the varying flex or stiffness 
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characteristics along the lead body length as well as the 
various linear placements of the electrodes along the 
lead body length function to simultaneously bring the 
first electrode into contact with a first desired portion of 
the heart, such as the right atrial wall, and the second 
electrode into contact with a second desired portion of 
the heart, such as a portion of the coronary sinus wall. 
In a first embodiment the distal section of lead body 
extends for a distance between the distal most tip of 
lead body and an electrode for a distance of between 
approximately 1 - 5 cm, with 3 cm preferred and this 
section has the greatest flexibility of any of the remain- 
ing linear section of lead body. A middle lead body por- 
tion of this embodiment extends from the first electrode 
to a second electrode for a distance of between approx- 
imately 0.5 - 4 cm, with 1 .5 cm preferred, and this sec- 
tion has the greatest flexibility of any of the other 
remaining linear section of lead body (ue. it is less flexi- 
ble as compared to distal section). Next a further sec- 
tion of the lead features a tine having an electrode, this 
section is positioned from second electrode a distance 
of between approximately 2 - 8 cm, with 5 cm preferred. 
This section has the least flexibility of any of the sec- 
tions of lead body. This diminished flexibility functions to 
wedge or cause the various electrodes to be brought 
into simultaneous contact with the right atrial wall and 
the coronary sinus wall. 

[0016] Preferred embodiments of will now be 
described, by way of example only, with reference to the 
accompanying drawings. 

FIG. 1 is a perspective view of a lead according to 

the present invention shown implanted in a heart. 

FIG. 2 is a side of the lead shown in FIG. 1. 

FIG. 3 is a cross-sectional view of the lead shown in 

FIG. 2 taken along the lines 3-3. 

FIG. 4 is a cross-sectional view of the lead shown in 

FIG. 2 taken along the lines 4-4. 

FIG. 5 is a cross-sectional view of the lead shown in 

FIG. 2 taken along the lines 5-5. 

FIG. 6 is a cross-sectional view of the lead shown in 

FIG. 2 taken along the lines 6-6. 

FIGS. 7A and 7B show the various areas within the 

heart where a lead constructed with different 

dimensions may be implanted. 

FIG. 8 depicts an alternative embodiment of the 

present invention. 

FIG. 9 depicts an alternative embodiment of the 
present invention shown implanted in a heart. 
FIG. 10 is a side view of the lead shown in FIG. 9. 

[0017] It should be understood the drawings are not 
necessarily to scale. 

[0018] The present invention concerns a single lead 
which may be provided to stimulate or sense or both the 
right atrium as well as a chamber or chambers of the left 
side of the heart through the coronary sinus. As is well 
known, there has to date been a great difficulty in relia- 
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bly implanting leads within the coronary sinus. For 
example, a typical coronary sinus is 10 millimeters at its 
largest diameter (near the outflow to the right atrium) 
and narrows until it has a diameter of between approxi- 
mately 2 - 3 millimeters and merges to the great cardiac 
vein. Thus any leads having larger sizes could be 
expected to detrimentally diminish if not completely 
occlude the flow of blood through the coronary sinus. 
The fixation of a lead within the coronary sinus is further 
complicated by the fact that, unlike a heart chamber 
where the f ibrotic tissue response is used to assist lead 
fixation, no such fforotic response can be expected in 
the vein. As such no ftorotic tissue response is available 
to assist in lead fixation. Thus the present invention 
includes a lead specifically tailored to this environment 
so that this single lead may stimulate or sense or both 
the right atrium as well as a chamber or chambers of the 
left side of the heart through the coronary sinus. 
[0019] FIG. 1 is a first embodiment of the present 
invention featuring such a lead disposed within a heart. 
As seen in this embodiment pulse generator 1 is cou- 
pled to a lead 100. Pulse generator may be any model 
capable of sensing and stimulating three or more cham- 
bers of the heart Lead 100 features an electrode 101 
eccentrically placed along the lead by having it placed 
at the distal end of a tine 102. As further seen, in this 
embodiment lead 100 may feature one or more ring 
electrodes disposed along the lead body. In the illus- 
trated embodiment three ring electrodes 103, 104 and 
105 are shown. This embodiment further features a 
molded nose 1 10 which extends beyond the distal most 
electrode so as to improve manoeuvrability within the 
tortuous cardiac veins. Finally, the present invention fur- 
ther features a lead body having varying flex or stiffness 
characteristics along its length between each of the 
electrode structures. As more fully described below, the 
relation of the varying flex or stiffness characteristics 
along the lead body length as well as the various linear 
placements of the electrodes along the lead body length 
permit the lead of the present invention to reliably pace 
or sense or both the right atrium, the left atrium, the left 
ventricle or any combination thereof. In particular, these 
parameters effectively cause the electrodes to be 
wedged between the right atrial wall and the coronary 
sinus. Such wedging ensures excellent contact is main- 
tained between the electrodes and the heart while also 
ensuring the lead remains in the position into which it is 
placed. 

[0020] FIG. 2 is a side view of lead 100 shown in FIG. 
1 and best showing the disposition of blunted tapered 
nose 110 relative to electrodes. As seen lead 100 is 
constructed of a multi lumen lead body 1 10, preferably 
constructed of a biocompatible polymer, such as sili- 
cone. As also seen in this view, electrode 105 is dis- 
posed so that it has a larger diameter than the lead body 
in that vicinity. In the preferred embodiment electrode 
105 has a diameter between approximately 1.5 - 3.5 
mm with 2.5 mm preferred, selected so as to be greater 



by an amount of at least 1 mm greater than the lead 
body and preferably approximately 2 mm greater than 
the remainder of the lead body. Such a larger diameter 
is important because the electrode 105 functions as a 

5 cathode, and thus must achieve solid contact with the 
wall to have acceptable thresholds and pacing imped- 
ances. This view further illustrates the relation of the 
sections of the lead body which have varying flex or stiff- 
ness characteristics as compared to the other portions 

w of the lead body as well as the various linear place- 
ments of the electrodes along the lead body length. 
[0021] As seen, the distal section of lead body 200 
extends from the distal most tip 91 1 of the lead body 
and electrode 105 for a distance of between approxi- 

15 mately 1 - 5 cm, with 3 cm preferred and this section has 
the greatest flexibility of any of the remaining linear sec- 
tions of lead body. As seen this flexibility is provided 
through the combination of the centrally positioned 
coiled conductor, the thickness of the insulative sheath 

20 as well as the tapering of the sheath in this area. Of 
course, flexibility may be provided and adjusted in many 
other ways well known in the art, including the use of dif- 
fering materials as well as the design of the various 
components, e.g. alternating the geometry of the con- 

25 ductor or the coil or the insulation thickness or even the 
addition or omission of a separate stiffening member. 
The exact means by which such a result is accom- 
plished is not critical to the operation of the present 
invention. 

30 [0022] Next, middle lead body portion 201 extends 
from electrode 105 to electrode 104 for a distance from 
electrode 105 and electrode 104 between approxi- 
mately 0.6 - 2.8 cm, with 1.5 cm preferred. This section 
has the greatest flexibility of any of the other remaining 

35 linear section of lead body (i.e. it is less flexible as com- 
pared to distal section 200). Like above, the flexibility of 
the lead in this section is tailored through the thickness 
of the insulative sheath as the coiled conductor. In par- 
ticular, this section preferably features a length of insu- 

40 lative sheath having a greater thickness and thus 
stiffness as compared to that of section 200. Of course, 
like the section described above, the flexibility may also 
be provided and adjusted in many other ways well 
known in the art, including the use of differing materials 

45 as well as the design of the various components. 

[0023] Next, tine section 202 includes tine 102. Tine 
102 is located at a distance from electrode 104 of 
between approximately 2 - 8 cm. with 5 cm preferred. 
Tine section 202 further includes a span of lead body 

so from the base of tine 1 02 to electrode 1 03 which runs for 
a distance of between approximately 0. 1 - 2 cm, with 0.5 
cm preferred. Tine 102 is itself between approximately 
1 -1 5 mm with 5 mm preferred. Tine section 202 has the 
least flexibility of any of the sections of the lead body. In 

55 particular, this section preferably features a length of 
insulative sheath as well as a pair of side by side coiled 
conductors which, in combination, are less flexible as 
compared to all other sections of the lead body. Of 
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course, like the section described above, the flexibility 
may also be provided and adjusted in many other ways 
well known in the art, including the use of differing mate- 
rials as well as the design of the various components, 
including the design of the conductors, as well as the 5 
relative positions of the conductors within the lead body. 
[0024] Finally, proximal section 203 extends from elec- 
trode 103 to the connector pin assembly for a distance 
of between approximately 45 • 1 10 cm, with 65 cm pre- 
ferred. Section 203 has a stiffness equal to or less than 
section 202. As above the flexibility may also be pro- 
vided and adjusted in many other ways well known in 
the art, including the use of differing materials as well as 
the design of the various components. 
[0025] rt must be understood that the particular 
dimensions selected for any section or component of 
the lead are crucial and essential to the effective opera- 
tion of the present invention. 
[0026] FIG. 3 is a cross sectional view of the lead 
shown in FIG. 2 taken across line 3-3. In this section, 
proximal to electrode 103, the lead body carries four 
conductors, 112, 113, 114, 115 each housed within a 
corresponding lumen within the lead body. Conductors 
are preferably constructed of a biocompatible conduc- 
tor, such as MP35N. Conductor 114 coupled to elec- 
trode 103, preferably functions as the anode relative to 
electrode 101 and is a whole ring of a polished platinum 
iridium alloy having a surface area of 36 square mm. 
[0027] FIG. 4 is a cross sectional view of the lead 
shown in FIG 2 taken across line 4-4. In this section only 
three of the four lumens house conductors 1 12, 113 and 
1 15. As best seen in FIG. 4, conductor 115 couples to 
electrode 101 positioned at the tip of tine 102. Electrode 
101 may be of any suitable construction and preferably 
is constructed using a platinized porous material such 
as a platinized spherical sintered platinum powder as is 
well known in the art and has a surface area of between 
approximately 1 .2 - 8.0 square mm with 5.8 square mm 
preferred. 

[0028] FIG. 5 is a cross sectional view of the lead 
shown in FIG 2 taken across line 5-5. In this section only 
two of the three lumens house conductors 1 1 2 and 113. 
[0029] FIG. 6 is a cross sectional view of the lead 
shown in FIG 2 taken across line 6-6. In this section 
only, because conductor 114 is coupled to electrode 
103 and conductor 115 is coupled to electrode 101 and 
conductor 1 13 is coupled to electrode 104 only a single 
conductor 112 remains and thus along this section the 
lead body is a single lumen construction. Referring back 
to FIG. 2, as seen, this single lumen, however, extends 
for a distance distally beyond electrode 105 and into a 
tapered nose 110 of the lead body. 
[0030] FIGS. 7A and 7B show the various areas within 
the heart where a lead constructed with different dimen- 
sions may be implanted. As seen, the present invention 
is compatible for use with multi-chamber stimulation or 
sensing. In FIG. 7A the distance between electrode 105 
(and of course tine 102) and electrode 104 is at the 
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larger size of its given range, thus permitting left atrial 
and right atrial contact to be made. Moreover, due to the 
stiffness of the lead body between these electrodes, as 
well as the tine, the electrical contact with the tissues is 
ensured. In turn, this also ensures good electrical per- 
formance of the entire system. In FIG. 7B the distance 
between electrode 105 (and of course tine 102) and 
electrode 104 is at the smaller size of its given range. In 
addition the entire lead is implanted further within the 
coronary sinus and oriented so the tine is introduced 
within the middle cardiac vein. Ultimately this permits 
electrical stimulation and sensing to be accomplished 
for the left atrium and the left ventricle. 
[0031] FIG. 8 depicts an alternative embodiment of 
the present invention. In particular this embodiment is 
substantially the same as that shown in FIGS. 1 - 6 but 
for the provision of a ring electrode 1 01 ' as compared to 
the electrode 101 on the tine in the previous embodi- 
ment In this embodiment, the distal section of lead 
body 200 extends for a distance 300' between the distal 
most tip of lead body and electrode 1 05 for a distance of 
between approximately 1 - 5 cm, with 3 cm preferred 
and this section has the greatest flexibility of any of the 
remaining linear sections of lead body. 
[0032] Next, electrode 104 is positioned a distance 
301' from the distal most tip of the lead body between 
approximately 5.0 - 6.9 cm, with 5.4 cm preferred. Mid- 
dle lead body portion 201, defined between electrode 
105 and electrode 104 has less flexibility as compared 
to the distal section 200. 

[0033] Next, electrode 101' is positioned a distance 
302' from the distal most tip of lead body between 
approximately 11.0-15.0 cm, with 13.0 cm preferred. 
Lead body portion 202, defined between electrode 104 
and electrode 10V has less flexibility as compared to 
the distal section 200 and preferably the same as mid- 
dle lead body portion 201 . 

[0034] Next, electrode 103 is positioned a distance 
303' from electrode 101' between approximately 0.1 - 
1.5 cm, with 0.5 cm preferred. Lead body portion 204, 
defined between electrode 101' and electrode 103 has 
less flexibility as compared to the distal section 200 and 
preferably the same as middle lead body portion 201 
and lead body portion 202. 

[0035] Finally, the total lead body length, from the dis- 
tal most tip of lead body to the connector pin (not seen 
in this view) is between approximately 45 - 1 10 cm with 
65 cm preferred. 

[0036] In this embodiment, like that already discussed 
above, the varying flexibility characteristics along the 
lead body may be provided and adjusted in many of the 
numerous ways well known in the art including the use 
of differing materials as well as the design of the various 
components, including the design of the conductors, as 
well as the relative positions of the conductors within the 
lead body. Uke that already discussed above, the partic- 
ular mechanism selected is not critical. 
[0037] FIG. 9 depicts an alternative embodiment of 
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the present invention shown implanted in a heart. In 
particular this embodiment is designed with only three 
electrodes and positioned to make electrical contact 
with the left ventricle, the left atrium and the right atrial 
wall. Thus, as seen, the lead body is designed to posi- 
tion one or more electrodes directly against the right 
atrial wall. 

[0038] FIG. 10 is a side view of the lead shown in FIG. 
9. As seen, electrode 900 is positioned at the distal 
most end of the lead body. Electrode 104 is positioned 
away from the distal most end of the lead body a dis- 
tance 500 between approximately 4 - 12 cm with 8.6 cm 
preferred. Lead body 100 has a taper so as to increase 
the flexibility of the lead body as well as decrease the 
diameter of the lead body as a function of proximity to 
the distal most end. As also seen, this portion of the 
lead body features a single coiled conductor, as is well 
known in the art. 

[0039] Next, electrode 103 is positioned away from 
electrode 104 a distance 502 between approximately 5 
- 9 cm with 7.5 cm preferred. The lead body along this 
portion 202 is designed to be the most stiff of any por- 
tion of the lead. Stiffness may be accomplished in any of 
the known, acceptable ways, including varying the con- 
ductor configuration, as well as increasing or decreas- 
ing insulation thickness. As also seen, this portion of the 
lead body features a pair of side by side coiled conduc- 
tors, as is well known in the art. 
[0040] Finally, the total lead body length, from the dis- 
tal most tip of the lead body to the connector pin (not 
seen in this view) is between approximately 45 - 1 10 cm 
with 65 cm preferred. 

[0041] Each of the electrodes may further be con- 
structed having a cavity into which is disposed a mono- 
lithic controlled release device therein to elute or 
dispense a drug, such as the sodium salt of dexameth- 
asone, from the electrode into the surrounding tissues, 
as is well known in the pacing art In an alternative, the 
electrodes may be treated with a very slightly soluble in 
water steroid, such as beclomethasone dipropionate 
anhydrous. Preferably the steroid is applied to the sur- 
face of the electrode which contacts tissue when 
implanted. Further details of such a coating process 
may be found in U.S. Patent No. 5.776,178. Moreover, 
while primarily uni-polar ring electrodes are shown, this 
is for ease of illustration only and each of the electrodes 
may be alternatively provided by bi-polar type elec- 
trodes. For applications where bi-polar electrodes are 
used, a corresponding greater number of conductors 
must be provided in the lead body, as is well known. 
Further the bi-polar electrodes may be coupled such 
that any combination of the chambers of the heart are 
bi-polar sensed or paced or both, with the remaining 
chambers are unipolar sensed or paced or both. Thus 
the present invention merely provides a lead useful to 
electrically couple with one, two or three chambers of 
the heart (left ventricle, right or left atrium) and which 
provides any combination of electrical coupling by a 
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variety of electrode types to any combination of these 
chambers. 

[0042] It must be understood that the particular 
dimensions selected are crucial and essential to the 

5 effective operation of the present invention. 

[0043] It is to be understood that the present invention 
is not limited to use only in pacing leads, and may be 
employed in the construction of may of various type of 
therapeutic and diagnostic devices, including defibrilla- 

10 tion leads, intended to be disposed within the coronary 
sinus. In fact, for the purposes of this specification and 
claims, the term "lead" is used herein in its broadest 
sense and includes any stimulation lead or sensing 
lead, a combination thereof or any other elongate mem- 

15 ber, such as a catheter, which may usefully be intro- 
duced into a body. For purposes of illustration only, 
however, the present invention has been described in 
the context of transvenous pacing lead. Moreover, the 
present invention may be used in any of the various 

20 venous and arterial pathways along the heart or any- 
where else within the body, thus the term "coronary 
sinus** is also used herein in its broadest sense and 
includes, without limitation, the great cardiac vein or any 
other cardiac vessel. 

25 

Claims 

1 . A medical electrical lead comprising: 

30 means for electrically coupling to a pulse gen- 

erator; 

a lead body (100) coupled to the means for 
electrically coupling, the lead body having a 
first distal end, a second proximal end, the lead 
35 body comprising a conductor (112-115) insu- 

lated by an insulative sheath; 
a first electrode (105) positioned along the lead 
body; 

a second electrode (104) positioned along the 
40 lead body and proximal to the first electrode; 

and 

means adapted to simultaneously bring the first 
electrode into contact with the coronary sinus 
wall and the second electrode into contact with 
45 the right atrial wall, in use. 

2. A medical electrical lead according to claim 1 
wherein the means for simultaneously bringing the 
first electrode into contact with the coronary sinus 

so and the second electrode into contact with the right 
atrial wall comprises a first and second section of 
the lead body, the first section (200) extending 
between the distal end (91 1 ) of the lead and the first 
electrode (105) for a distance of between 1 and 5 

55 cm and the second section (202) extending 
between the first electrode (105) and the second 
electrode (104) for a distance of between 2 and 8 
cm. 
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3. A medical electrical lead according to claim 2 
wherein the second section (202) is less flexible as 
compared to the first section (200). 

4. A medical electrical lead according to claim 2 or 3 5 
wherein the lead body further has a tine (102) posi- 
tioned proximal to the second electrode (104) at 
distance of between approximately 0.1 - 2 cm 

5. A medical electrical lead according to claim 4 10 
wherein the tine (1 02) extends away from lead body 

a distance of between approximately 0.1 - 15 mm, 
the tine (102) having a tip, a third electrode posi- 
tioned on the tip. 

15 

6. A medical electrical lead according to any preced- 
ing claim wherein the first electrode (1 05) has a first 
diameter and the lead body has a lead body diame- 
ter, the first electrode diameter greater than the 
lead body diameter. 20 

7. A medical electrical lead according to any preced- 
ing claim wherein the first electrode is a whole ring 
electrode (105) and has a first diameter and the 
lead body (1 00) has a lead body diameter, the first 25 
electrode-diameter greater than the lead body 
diameter by an amount of at least 1 mm greater 
than the lead body. 

8. A medical electrical lead according to claim 7 30 
wherein the first electrode diameter is between 
approximately 1 .5 - 3.5 mm. 

9. A medical electrical lead according to claim 1 
wherein the first electrode is positioned between 35 
approximately 1 - 5 cm. from the first distal end. 

10. A medical electrical lead according to any preced- 
ing claim wherein the first distal end comprises a 
tapered blunt nosed portion (110) constructed of a 40 
pliable polymer. 

11. A medical electrical lead comprising: 
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mately 0.5 - 4 cm; and 

a tine (102) positioned on the lead body proxi- 
mal to the second electrode (104), a tine lead 
body section (202) defined between the tine 
(102) and the second electrode (104). 

12. A medical electrical lead according to claim 11 
wherein the distal section (200) of lead body 
extends for 3 cm. 

13. A medical electrical lead according to claim 11 or 

12 wherein the middle lead body portion (201) 
extends for a distance of 1 .5 cm. 

14. A medical electrical lead according to claim 11,12 
or 13 wherein the middle body portion (201) has a 
lower flexibility than the flexibility of the distal sec- 
tion (200). 

15. A medical electrical lead according to claim 11,12, 

13 or 14 wherein the tine lead body section (202) 
extends for a distance of between approximately 2 - 
8 cm. 

16. A medical electrical lead according to claim 15 
wherein the tine lead body section (202) extends for 
a distance of 5 cm. 

17. A medical electrical lead according to any of claims 
11 to 16 wherein the tine lead body section (200) 
has a flexibility less than the flexibility of the distal 
section (200). 
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a lead body (1 00). the lead body having a blunt 45 
tapered distal end (1 10), a first electrode (105) 
positioned proximal to the blunt tapered distal 
end, a distal lead body section (200) defined 
therebetween, the distal section of lead body 
extends for a distance between the blunt distal so 
tip and the first electrode for a distance of 
between approximately 1 - 5 cm; 
a second electrode (104) positioned proximal 
to the first electrode, a middle lead body por- 
tion (201) defined therebetween, the middle 55 
lead body portion extends for a distance 
between the first electrode and the second 
electrode for a distance of between approxi- 
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(54) Medical electrical lead 

(57) A transvenous lead designed for multi-chamber 
electrical stimulation or sensing. The lead features one 
or more electrodes (104,105) for communication with 
the right atrium as well as one or more electrodes for 
communication with either or both of the left chambers 
of the heart. The lead further features structures to 
simultaneously bring the first electrode into contact with 
a first chamber, such as the right atrial wall and the sec- 
ond electrode into contact with a particular portion of 
the coronary sinus wall, to electrically access the left 
atrium or ventricle. The distal section (200) of the lead 
body extends for a distance between the distal most tip 
of the lead body and an electrode for a distance of 



approximately 3cm and has the greatest flexibility of any 
of the remaining linear section. A middle lead body por- 
tion (201) extends from the first electrode to a second 
electrode for a distance of approximately 1.5 cm, and 
this section has the greatest flexibility of any of the other 
remaining linear section of the lead body (i.e. it is less 
flexible as compared to distal section). Next a further 
section (202) of the lead features a tine (102) having an 
electrode, this section is positioned from second elec- 
trode a distance of approximately 5cm. This section has 
the least flexibility of any of the sections of the lead 
body. 
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